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Background: Since their conception during the mid-1970s, international participation in extreme sports has grown rapidly. The
recent death of extreme snowmobiler Caleb Moore at the 2013 Winter X Games has demonstrated the serious risks associated
with these sports.

Purpose: To examine the incidence and prevalence of head and neck injuries (HNIs) in extreme sports.

Study Design: Descriptive epidemiological study.

Methods: The National Electronic Injury Surveillance System (NEISS) was used to acquire data from 7 sports (2000-2011) that
were included in the Winter and Summer X Games. Data from the NEISS database were collected for each individual sport per
year and type of HNI. Cumulative data for overall incidence and injuries over the entire 11-year period were calculated. National
estimates were determined using NEISS-weighted calculations. Incidence rates were calculated for extreme sports using data
from Outdoor Foundation Participation Reports.

Results: Over 4 million injuries were reported between 2000 and 2011, of which 11.3% were HNIs. Of all HNIs, 83% were head
injuries and 17% neck injuries. The 4 sports with the highest total incidence of HNI were skateboarding (129,600), snowboarding
(97,527), skiing (83,313), and motocross (78,236). Severe HNI (cervical or skull fracture) accounted for 2.5% of extreme sports
HNIs. Of these, skateboarding had the highest percentage of severe HNIs.

Conclusion: The number of serious injuries suffered in extreme sports has increased as participation in the sports continues to
grow. A greater awareness of the dangers associated with these sports offers an opportunity for sports medicine and orthopaedic
physicians to advocate for safer equipment, improved on-site medical care, and further research regarding extreme sports injuries.
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Over the past few decades, extreme sports has become a
widely used phrase to describe a variety of nontraditional
and adventure sports. The label has evolved to denote
activities such as bungee jumping, snowboarding, extreme
skiing, canyoning, surfing, skateboarding, skydiving, para-
gliding, rock climbing, and mountain bicycling.2,7,14,16,22

Several epidemiological studies have shown that since the

conception of extreme sports in the 1960s, participation has
grown exponentially.5,6 Extreme sports have been accepted
as a separate and organized entity, as evidenced by the
advent and rising popularity of the X Games, the introduc-
tion of slope-style snowboarding events into the Winter
Olympics in 2014, and an increasing number of nationally
televised events over the past decade. Extreme sports are
believed to have a greater risk of injury compared with tra-
ditional sports. Currently, little evidence exists describing
the injury rates for extreme sports due to their nontradi-
tional, independent participation and lack of official regula-
tion.5 Our preconception of an increased risk of injury and
death with extreme sports necessitates the need to better
understand injury rates and trends.3-5,22

Injury characteristics of extreme sports vary extensively
due to their high-energy, high-risk nature.8,13 Specifically,
head and neck injuries (HNIs) are of growing concern
because of increased awareness of short- and long-term con-
sequences reported in the literature.2,9,14,17,19 HNIs include
concussions, fractures, and traumatic brain injuries (TBIs),
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which can result in outcomes such as chronic depression,
headaches, paralysis, and death.9 Several articles have
described injuries associated with extreme sports; however,
they have primarily focused on mainstream activities such
as snowboarding, snow skiing, and skateboarding. The ob-
jective of this study was to examine the epidemiology of HNI
in 7 extreme sports over the past decade (2000-2011). The
sports were selected based on their popularity and active
status in the X Games (both winter and summer) and other
major televised extreme sporting events. Our hypothesis
was that there would be an increased rate of HNI over
the 12-year time period and that concussions would be the
most common HNI reported among the 7 extreme sports.

METHODS

The National Electronic Injury Surveillance System
(NEISS) of the Consumer Product Safety Commission
(CPSC) was used to acquire data for this study from
2000 to 2011. The CPSC conducts yearly sampling frames
of all active emergency departments in the United States,
including information regarding the total number of
emergency department visits. The NEISS is a national
probability sample of 100 hospitals in the United States
and its territories.1 Patient information is collected from
each NEISS hospital for every emergency visit involving
an injury associated with consumer products, such as
sporting equipment. Data are updated on a daily basis,
and any missing information is obtained by telephone
interviews with patients within the first week after
injury. From this sample, the total number of injuries
treated in hospital emergency rooms nationwide can be
estimated. The sampling procedure and the statistical
basis for calculation of national estimates based on the
NEISS data are validated approaches and described on
the CPSC website. The derivation of sampling weights
used by the NEISS is well established and used by research-
ers and government agencies.18 Sampling weights were
applied to the NEISS data to account for selection, for num-
ber of annual emergency department visits for each hospi-
tal, and for hospitals that do not respond. After being
weighted, the NEISS data provides estimates for the total
number of specific consumer product–related sports inju-
ries in the United States. Variables included in the stan-
dard NEISS case report are treatment date, sex, race,
diagnostic category, body part injured, patient disposi-
tion, and location of injury. As a part of the Consumer
Product Safety Mission, the NEISS database serves as a
reliable and reproducible source for a wide range of epide-
miological subjects.

Injuries associated with 7 extreme sports were identified
and examined using the NEISS consumer product codes in
this study: snowboarding (5031), snowmobiling (1290),
surfing (1261), mountain biking (5033), motocross (5036),
skateboarding (1333), and snow skiing (3283). Because of
the way the NEISS categorizes their product codes, moto-
cross included 2-wheeled, powered, off-road vehicles such
as dirt bikes and trail bikes; mopeds and mini-bikes were
excluded. Surfing included injuries related to windsurfing.

Snow skiing included injuries related to downhill skiing,
cross-country skiing, ski jacks, ski lifts, and snowshoes.

Four types of head injuries and 4 types of neck injuries
were recorded for each extreme sport during the 12-year
span. Concussion, contusions/abrasions, fractures, and
lacerations were recorded for head injuries. Contusions/
abrasions, fractures, lacerations, and strains/sprains were
recorded for neck injuries.

The risk of concussion, neck fracture, and skull fracture
were calculated using participation rates for extreme sports
from the 2013 Outdoor Foundation Participation Report,
which contained data from 2007 to 2012.15 The Outdoor
Foundation is a not-for-profit organization focused on
encouraging and enhancing the experiences of people in the
outdoors. Annually, the organization conducts a series of
online interviews and surveys to assess the participation
in various outdoor sports. Similar to the NEISS database,
a weighting technique was used to balance the data and
accurately reflect the entire US population. For this study,
we used participation figures from 2007 to 2011 for all
Americans older than 6 years; limited data are available
prior to 2007 for the 7 extreme sports.15 Of note, there were
no data recorded by the Outdoor Foundation study for
motocross.

For each NEISS injury case report, the activity and
sampling weight were recorded. National estimates for
extreme sports injuries were calculated by summing the
sampling weights for all injury case reports within a spe-
cific sport. This was done for the different types of HNIs
for each year from 2000 to 2011. Incidence rates and ratios

Figure 1. Head and neck injuries in 7 extreme sports between
2000 and 2011.
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were calculated only from years 2007 to 2011 using the
injury statistics from the NEISS and the participation
rates from the 2013 Outdoor Foundation report. Incidence
rates and incidence rate ratios were calculated for all
extreme sports except motocross, since the Outdoor Foun-
dation does not include participation figures for moto-
cross. A single simple linear regression analysis was
used to assess the relationship between time and partici-
pation in the 7 extreme sports over the 12-year span. Stu-
dent t tests were used to compare injury rates between
sports. All statistical analyses were performed using R
statistical software version 3.0.1, with a ¼ 0.05.

RESULTS

A total of 4,083,691 injuries were reported for all 7
extreme sports between 2000 and 2011, of which 460,115
(11.3%) were HNIs. Of the total reported HNIs, 381,760
(83%) were head injuries and 78,355 (17%) were neck inju-
ries. The average number of HNIs was 38,385 per year.
Regression analysis demonstrated a significant increase

(P ¼ .001) in the occurrence of HNIs over the studied time
period (Figure 1). Although the incidence of injuries in
extreme sports HNIs increased from the year 2000
(34,565) to 2011 (40,042), this trend was not consistent
from year to year. Additionally, there was no significant
increase in the total number of participants from year to
year (P ¼ .08). Furthermore, when combined, there was
no significant difference (P ¼ .67) in the occurrence of
HNIs between the 3 winter and 4 summer extreme sports
during the 12 years (Table 1).

There was a wide range of injury rates for HNI between
individual extreme sports (Figure 2). The 4 sports with the
highest total number of reported HNIs during the 12-year
period were skateboarding (129,600), snowboarding
(97,527), skiing (83,313), and motocross (78,236) (Table
1). The sports with the lowest reported number of HNIs
were mountain biking (15,233), snowmobiling (16,448),
and surfing (39,758). There were 140,650 concussions
(31% of HNIs, 3.4% of all injuries) reported over the
12-year period for extreme sports. Snowboarding had the
most concussions (42,811), accounting for 30% of all
reported concussions, while snow skiing had the second

TABLE 1
Common Head and Neck Injuries in Extreme Sports (2000-2011)

Summer Sports, n (%)

Surfing Mountain Biking Motocross Skateboarding

Head injuries
Concussion 3242 (8.2) 4530 (29.7) 22,788 (29.1) 28,328 (21.9)
Contusion/abrasion 2097 (5.3) 1080 (7.1) 5164 (6.6) 14,703 (11.3)
Fracture 173 (0.4) 115 (0.8) 961 (1.2) 3544 (2.7)
Laceration 14,990 (37.7) 1182 (7.8) 3211 (4.1) 17,189 (13.3)
Total 20,502 (51.6) 6907 (45.3) 32,124 (41.1) 63,764 (49.2)

Neck injuries
Contusion/abrasion 344 (0.9) 221 (1.5) 1321 (1.7) 442 (0.3)
Fracture 1209 (3.0) 527 (3.5) 1452 (1.9) 42 (0.0)
Laceration 187 (0.5) 69 (0.5) 825 (1.1) 151 (0.1)
Strain/sprain 10,112 (25.4) 2059 (13.5) 10,626 (13.6) 6637 (5.1)
Total 11,852 (29.8) 2876 (18.9) 14,224 (18.2) 7272 (5.6)

Other head and neck injuries 7404 (18.6) 5450 (35.8) 31,888 (40.8) 58,564 (45.2)
Total, summer sports 39,758 (100) 15,233 (100) 78,236 (100) 129,600 (100)

Winter Sports, n (%)

Snowboarding Snowmobiling Snow Skiing

Head injuries
Concussion 42,811 (43.9) 4054 (24.6) 34,897 (41.9)
Contusion/abrasion 6963 (7.1) 1290 (7.8) 4488 (5.4)
Fracture 403 (0.4) 162 (1.0) 625 (0.8)
Laceration 6514 (6.7) 992 (6.0) 5507 (6.6)
Total 56,691 (58.1) 6498 (39.5) 45,517 (54.6)

Neck injuries
Contusion/abrasion 375 (0.4) 581 (3.5) 230 (0.3)
Fracture 784 (0.8) 206 (1.3) 1039 (1.2)
Laceration 88 (0.1) 349 (2.1) 181 (0.2)
Strain/sprain 13,645 (14.0) 3886 (23.6) 14,009 (16.8)
Total 14,892 (15.3) 5022 (30.5) 15,459 (18.6)

Other head and neck injuries 25,944 (26.6) 4928 (30.0) 22,337 (26.8)
Total, winter sports 97,527 (100) 16,448 (100) 83,313 (100)
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most occurrences (34,897), accounting for 25% of all
reported concussions (Figure 3). Snowmobiling and surf-
ing had the fewest reported concussions (2.9% [4054] and
2.3% [3242], respectively).

Severe HNI (classified as either a cervical or skull frac-
ture) had a total occurrence of 11,242, which accounted
for 2.4% of HNIs. Skateboarding and motocross had the
greatest number of severe HNIs (3586 and 2413, res-
pectively) (Figure 3). Furthermore, skateboarding had
the highest reported number of skull fractures (3544),
accounting for 59.2% of all reported skull fractures for
extreme sports, and motocross had the highest incidence
of neck fractures (1452), which accounted for 27.6% of all
reported neck fractures.

The risk of an extreme sport participant suffering an
HNI over a 1-year period was 5.16 per 10,000 person-
years (motocross was excluded from risk analysis). The
average injury incidence rates for the summer and winter
extreme sports were 6.10 per 10,000 person-years and 4.23
per 10,000 person-years, respectively, with a calculated
incidence rate ratio (IRR) of 1.44 for the summer sports,
with the winter sports as the referent group. Skateboard-
ing had the highest risk of HNI for extreme sports partici-
pants (10.21 per 10,000 person-years), while mountain
bicycling had the lowest risk (1.08 per 10,000 person-
years) (Table 2). The HNI incidence rates for snowboard-
ing were much higher than snow skiing (8.6 and 2.45 per
10,000 person-years, respectively), with a calculated IRR
of 3.5 for snowboarding compared with snow skiing as the
referent group (Table 2).

Snowboarding had the greatest calculated incidence of
concussions (535.7 per 1,000,000 person-years), followed
by skateboarding (414.9 per 1,000,000 person-years)
(Table 3). Furthermore, a snowboarder was 3.5 times more
likely to suffer a concussion compared with a snow skier
(152.5 per 1,000,000 person-years). There was a 54 times
greater calculated risk of a skull fracture for skate-
boarding (54.7 per 1,000,000 person-years) compared with
snowboarding (0.98 per 1,000,000 person-years) (Table 4).
Similarly, there was a 38 times greater risk of suffering a
neck fracture while surfing (38.09 per 1,000,000 person-
years) compared with skateboarding (1.00 per 1,000,000
person-years) (Table 4). Mountain biking was the second
riskiest sport with respect to neck fractures, with an inci-
dence rate of 12.8 per 1,000,000 person-years.

DISCUSSION

This study presents previously unknown data and estab-
lishes incidence rates of HNIs in extreme sports. Between
2000 and 2011, over 4,000,000 injuries occurred in
extreme sports, of which 11.3% were HNIs. Although the
risk of HNI while participating in extreme sports was low,
there was a significant increase in the number of HNIs
from 2000 to 2011. Furthermore, as participation grows
in these nontraditional sports, physicians need to be
aware of the distribution of injuries specific to extreme
sports to implement optimal treatment and prevention
programs.

Concussions were the most common HNI among
extreme sports participants (Table 1). The risk of suffering
a concussion was highest in snowboarding and skate-
boarding. Recently, there has been a lot of media attention
placed on the long-term sequelae of concussions suffered
in mainstream sports. It is well known that permanent
neurological deficits are related to severe and recurrent
concussions.12 Most professional and collegiate sports
and many high school organizations have adopted time-
effective concussion policies12 and implemented use of
tools like the SCAT 2 on the sidelines. One of the medical
challenges with extreme sports is patient accessibility.
Many extreme sports take place in environments where
medical care may not be readily available on site, with the
exception of participation in professional competitions.
Because of these challenges, greater emphasis needs to
be placed on proper helmet and safety strategies to pre-
vent participant concussions.

In addition to concussions, severe injuries are another
concern in extreme sports. Skateboarders were found to
have the highest risk of skull fractures compared with the
5 other extreme sports. Surfers had the highest risk
of neck fracture, with a surprising 38 times increased risk
compared with skateboarders. While the incidence of severe
injuries was low for the studied extreme sports, skull and
neck fractures can have devastating effects on quality of life.
Physicians need to be aware of these trends in activities with
high rates of severe injuries, such as skateboarding, so that
they can provide proper patient advice, prevention care, and
safety equipment. Additionally, our study found that 12% of

Figure 2. Distribution of injuries in individual extreme sports
from 2000 to 2011.
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motocross injuries were HNIs, similar to previously pub-
lished studies (14%).11

Head and neck injuries pose serious economic and social
threats. The overall cost associated with an HNI in
extreme sports has been described in 3 phases.20 The first
phase is the cost of the evacuation (transport, acute med-
ical care, etc), the second phase is the cost of rehabilitation
(therapy, treatment, etc), and the third phase is the cost to

the community (social support, future medical care, etc).
The cumulative cost of all 3 phases for HNI for an individ-
ual patient can range from $30,000 to $2 million, dep-
ending on the severity of the injury.4 Furthermore, the
consequences of HNI are not restricted to economics; they
can also negatively alter quality of life and interpersonal
relationships. Severe concussion or repeat concussion can
lead to chronic traumatic encephalopathy, a syndrome
that results in a high rate of depression, drug dependence,
and possibly, suicide attempt or completion.1 Studies have
shown that HNIs have resulted in deteriorated marital
relationships, decreased income, and a feeling of loneli-
ness resulting from a lack of social interaction.10,21

Figure 3. Distribution of severe injuries and concussions in individual extreme sports. (A) Occurrence of concussions and (B)
occurrence of severe injuries.

TABLE 2
Risk of Head and Neck Injuries in Extreme Sports

Sport
Incidence Rate per

10,000 Person-Years
Incidence
Rate Ratio

Mountain biking 1.08 1
Snowmobiling 1.64 1.51
Snow skiing 2.46 2.28
Surfing 7.00 6.49
Snowboarding 8.60 7.97
Skateboarding 10.21 9.46

TABLE 3
Incidence Rate of Concussions in Extreme Sports

Sport
Incidence Rate per

1,000,000 Person-Years
Incidence
Rate Ratio

Mountain biking 50 1
Snowmobiling 60 1.2
Surfing 103 2.06
Snow skiing 152 3.04
Skateboarding 415 8.3
Snowboarding 534 10.68

TABLE 4
Incidence Rate of Skull and Neck Fractures

in Extreme Sports

Incidence Rate per
1,000,000 Person-Years

Incidence
Rate Ratio

Skull fractures by sport
Snowboarding 1 1
Mountain biking 2 2
Snow skiing 2 2
Snowmobiling 4 4
Surfing 9 9
Skateboarding 55 55

Neck fractures by sport
Skateboarding 1 1
Snow skiing 5 5
Snowmobiling 6 6
Snowboarding 7 7
Mountain biking 13 13
Surfing 38 38
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Limitations were present in this study. The NEISS data-
base obtains information from only emergency room visits,
thusexcludingpatientswhogountreatedoraretreated inout-
patient settings. Furthermore, NEISS data are restricted to
the product-code system. The combination of these 2 factors
limits how accurately we can predict rates and trends in the
general population. Additionally, the population of the study
includes both recreational and competitive sports participa-
tion; therefore, it may not accurately reflect the risk of individ-
uals participating in an extreme sport. A study using a
database that tracks injuries inorganizedextremesports com-
petitions (eg, X Games) would be a useful area of future focus.

CONCLUSION

This study helps educate participants and physicians about
the types of HNIs associated with the growing arena of
extreme sports. This study offers important data regarding
the trends of HNI in extreme sports. HNIs can greatly alter
a person’s quality of life, and as participation in these sports
increases, understanding the incidence of HNI will assist in
implementing effective medical prevention programs and
proper safety equipment practices. More research regarding
the long-term outcomes of HNI in extreme sports needs to
be done to provide sports medicine physicians with a compre-
hensive clinical picture of these devastating injuries.
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